A new vanadium(V) complex, [VOL(OMe)(MeOH)]·MeOH (1·MeOH), was prepared by the reaction of VO(acac) 2 with 2-chloro-N'-(5-fluoro-2-hydroxybenzylidene)benzohydrazide (H 2 L) in methanol. By addition of salicylhydroxamic acid (HSHA) to the methanolic solution of 1, a new salicylhydroxamate-coordinated vanadium(V) complex, [VOL(SHA)]·H 2 O (2·H 2 O), was obtained. Both complexes were characterized by elemental analysis, infrared spectroscopy, thermal analysis and single crystal X-ray diffraction. Complex 1 crystallizes with methanol molecule as a solvate, and complex 2 as a monohydrate. The V atoms in the complexes are in octahedral coordination. In the crystal structure of 1·MeOH, the vanadium complexes are linked by methanol solvate molecules through intermolecular O-H•••N and O-H•••O hydrogen bonds to form chains along the c axis. In the crystal structure of 2·H 2 O, the vanadium complexes are linked by water molecules through intermolecular O-H•••O hydrogen bonds, to form 1D chains along the a axis. The chains are further linked through intermolecular O-H•••N and O-H•••O hydrogen bonds in the c direction to form 2D layers. The antimicrobial activities of the complexes against K. pneumoniae, S. aureus, P. aeroginosa, E. coli, and B. subtilis were investigated.
Introduction
In recent years, vanadium complexes have been reported to have interesting biological activities such as normalizing the high blood glucose levels and acting as models of haloperoxidases. 1 Hydrazone compounds derived from the condensation reaction of aldehydes with various hydrazides are much attractive for their structures, coordinate ability to metal atoms and extensive biological applications. 2 Recently, our research group has reported a few vanadium complexes with hydrazone ligands and their biological activities. 3 In general, V atom is readily adopt octahedral coordination. Hydrazone ligands can coordinate to the V atoms through three donor atoms. The remaining three positions of the octahedral coordination are usually occupied by one oxo oxygen and two solvent molecules, one with deprotonated and the other one neutral. 3a,4 The two solvent ligands are not coordinate so strong to the V atom that they are readily substituted by bidentate ligands, such as benzohydroxamate, 5 propane-1,3-diol-2-olate or propan-1-ol-3-olate, 6 2-hydroxyethanolate, 7 etc. Salicylhydroxamic acid is a bidentate ligand, but very few examples of vanadium(V) complexes with this ligand have been reported. Fluoro-and chloro-substituted compounds are reported to have effective antibacte- rial activities. 8 In the present paper, a new methanol and methoxy-coordinated vanadium(V) complex, [VOL(OMe)(MeOH)]·MeOH (1) and a salicylhydroxamate (SHA) coordinated vanadium(V) complex, [VOL(SHA)]·H 2 O (2), where H 2 L = 2-chloro-N'-(5fluoro-2-hydroxybenzylidene)benzohydrazide (Scheme 1), are presented and studied on their antibacterial activities.
Experimental

1. Materials and Measurements
Commercially available 5-fluorosalicylaldehyde, 2-chlorobenzohydrazide and salicylhyroxamic acid were purchased from Sigma-Aldrich and used without further purification. Other solvents and reagents were made in China and used as received. C, H and N elemental analyses were performed with a Perkin-Elmer elemental analyser. Infrared spectra were recorded on a Nicolet AV-ATAR 360 spectrometer as KBr pellets in the 4000-400 cm -1 region. Thermal stability analysis was performed on a Perkin-Elmer Diamond TG-DTA thermal analyses system. NMR spectra were recorded on a Bruker 500 MHz instrument.
Synthesis of H 2 L
5-Fluorosalicylaldehyde (1.0 mmol, 0.14 g) and 2-chlorobenzohydrazide (1.0 mmol, 0.17 g) were dissolved in methanol (30 mL) with stirring. The mixture was stirred for about 30 min at room temperature to give a clear solution. The solvent was evaporated to give colorless crystalline products. Yield, 96%. Analysis: Found: C 57.6%, H 3.5%, N 9.5%. Calculated for C 14 (d, 1H, ArH) . 13 C NMR ppm) δ 162.85, 156.78, 154.91, 146.62, 135.23, 132.08, 131.24, 130.02, 128.99, 127.60, 120.31, 120.25, 118.82, 114.13. 
3. Synthesis of [VOL(OMe)(MeOH)]·MeOH (1)
A methanolic solution (10 mL) of [VO(acac) 2 ] (0.1 mmol, 26.5 mg) was added to a methanolic solution (10 mL) of H 2 L (0.1 mmol, 29.2 mg) with stirring. The mixture was stirred for 30 min at room temperature to give a brown solution. The resulting solution was allowed to stand in air for a few days. Brown block-shaped crystals suitable for X-ray single crystal diffraction were formed at the bottom of the vessel. The isolated products were washed three times with cold ethanol, and dried in air. Yield, 72%. Anal-ysis: Found: C 44.9%, H 4.4%, N 6.2%. Calculated for C 17 50, 160.25, 156.55, 154.68, 132.52, 132.25, 131.72, 131.35, 131.12, 127.60, 120.73, 118.19, 117.97, 117.78, 74.54, 49.07. 51 V NMR (d 6 -DMSO, ppm) δ -555.
4. Synthesis of [VOL(SHA)]·H 2 O (2)
A methanolic solution (10 mL) of salicylhydroxamic acid (0.1 mmol, 15.3 mg) was added to a methanolic solution (10 mL) of 1 (0.1 mmol, 45.3 mg) with stirring. The mixture was stirred for 30 min at room temperature to give a deep brown solution. The resulting solution was allowed to stand in air for a few days. Brown block-shaped crystals suitable for X-ray single crystal diffraction were formed at the bottom of the vessel. The isolated products were washed three times with cold ethanol, and dried in air. Yield, 51%. Analysis: Found: C 47.7%, H 3.0%, N 7.8%. Calculated for C 21 H 16 70, 160.89, 157.36, 156.50, 155.75, 151.79, 134.93, 132.62, 131.20, 130.89, 130.80, 129.88, 128.99, 127.56, 122.89, 119.97, 119.72, 118.82, 118.15, 117.93, 115.35. 51 
5. X-ray Crystallography
Diffraction intensities for the complexes were collected at 298(2) K using a Bruker D8 VENTURE PHO-TON diffractometer with MoKa radiation (l = 0.71073 Å). The collected data were reduced using the SAINT program, 9 and multi-scan absorption corrections were performed using the SADABS program. 10 The structures were solved by direct method, and refined against F 2 by full-matrix least-squares method using the SHELXTL. 11 All of the non-hydrogen atoms were refined anisotropically. The coordinated methanol hydrogen atom in 1·MeOH and the amino hydrogen atom in 2·H 2 O were located from difference Fourier maps and refined isotropically, with O-H and N-H distances restrained to 0.85(1) Å and 0.90(1) Å, respectively. All other hydrogen atoms were placed in idealized positions and constrained to ride on their parent atoms. The crystallographic data for the complexes are summarized in Table 1 . Selected bond lengths and angles are given in Table 2 . Hydrogen bonding information is listed in Table 3 . 
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Results and Discussion
Replacement of two acetylacetonate ligands in [VO(acac) 2 ] by H 2 L in methanol resulted in the formation of 1 (Scheme 2). The complex was further reacted with salicylhydroxamic acid to give complex 2 (Scheme 2). The latter complex can also be directly prepared by the reaction of H 2 L, salicylhydroxamic acid and [VO(acac) 2 ] in methanol. The V IV in [VO(acac) 2 ] was oxidized to V V by air during the reaction. Both complexes are soluble in DMF, DMSO, methanol, ethanol, and acetonitrile, insoluble in water, chloroform and dichloromethane. Molar conductance of complexes 1 and 2 at the concentration of 10 -4 M are 17 and 33 Ω -1 cm 2 mol -1 , respectively, indicating they are non-electrolytes. 12
1. Crystal Structure Description of 1·MeOH
The molecular structure and atom numbering scheme of complex 1 is shown in Figure 1 . The V atom in the com-plex is in octahedral coordination, which is coordinated by one oxo oxygen, one neutral and one deprotonated methanol ligands, and the three donor atoms of the doubly deprotonated hydrazone ligand. The neutral methanol ligand is coordinated trans to the oxo oxygen, which is similar to those observed in the solvent coordinated vanadium complexes. 3a,4 The vanadium to terminal oxo group (O(3)) bond length for the complex (1.580(5) Å) is within normal range for oxovanadium(V) complexes. 13 The short V(1)-O(3) distance indicates the presence of a vanadiumoxygen double bond. 14 The angular distortion in the octahedral environment around V comes from the five-and six-membered chelate rings taken by the hydrazone ligand, with angles of 83.6(2)° and 74.2(2)°. Distortion of the octahedral coordination can be observed from the coordinate bond angles, ranging from 74.2(2) to 103.2(2)° for the perpendicular angles, and from 153.1(2) to 175.5(2)° for the diagonal angles. Relative to the equatorial plane defined by O(1), O(2), O(4) and N(1), the vanadium atom is displaced toward the axial oxygen atom O3 by 0.291(1) Å. The dihedral angle between the two benzene rings is 83.6(3)°. The double deprotonated form of the hydrazone ligand is consistent with the observed O2-C8 and N2-C8 bond lengths of 1.292(7) Å and 1.302 (7) Å, respectively. This is in agreement with reported vanadium complexes containing the enolate form of hydrazone ligands. 4,13b In the crystal of 1, the vanadium complexes are linked by methanol molecules through intermolecular O (5) 
2. Crystal Structure Description of 2·H 2 O
The molecular structure and atom numbering scheme of complex 2 is shown in Figure 3 . The V atom in the com-plex is in octahedral coordination, which is coordinated by one oxo oxygen, one hydroxyl and one carbonyl oxygen atoms of SHA ligand, and the three donor atoms of the hydrazone ligand. The carbonyl oxygen atom is coordinated trans to the oxo oxygen, with the bond length much longer than the remaining ones. The vanadium to terminal oxo group (O(6)) bond length for the complex (1.577(2) Å) is comparable to that in complex 1, and within normal range for oxovanadium(V) complexes. 13 The short V(1)-O(6) distance indicates the presence of a vanadium-oxygen double bond. 14 The coordinate bond lengths in the complex are comparable to those observed in 1 and the oxovanadium(V) complexes with octahedral coordination. 4 The angular distortion in the octahedral environment around V comes from the five-and six-membered chelate rings taken by the hydrazone ligand, with angles of 83.34(9)° and 74.47(8)°. Distortion of the octahedral coordination can be observed from the coordinate bond angles, ranging from 74.5(1) to 107.8(1)° for the perpendicular angles, and from 150.6(1) to 171.2(1)° for the diagonal angles. Relative to the equatorial plane defined by O(1), O(2), O(4) and N(1), the vanadium atom is displaced toward the axial oxygen atom O3 by 0.268(1) Å. The dihedral angle between the substituted benzene rings is 21.0(3)°. The double deprotonated form of the hydrazone ligand is consistent with the observed O2-C8 and N2-C8 bond lengths of 1.302(3) Å and 1.297(3) Å, respectively. This is in agreement with reported vanadium complexes containing the enolate form of hydrazone ligands. 4,13b In the crystal of 2, the vanadium complexes are linked by water molecules through intermolecular O (7) 
IR and Electronic Spectra
The hydrazone ligand showed stretching bands attributed to C=O, C=N, C-OH and NH at about 1651 , 1619 , 1155 and 1220, and 3232 cm -1 , respectively. The complexes exhibit typical bands at about 980 cm -1 , as-signed to the V=O vibration. 15 In the spectrum of 1, the bands due to ν C=O and ν NH were absent, but new C-O stretch appeared at 1253 cm -1 . This suggests occurrence of keto-imine tautomerization of the hydrazone ligand during complexation. The same phenomenon should occur in complex 2. But the existence of ν NH at 3278 cm -1 made an interruption. The ν C=N absorption observed at 1619 cm -1 in the free hydrazone ligand shifted to 1607 cm -1 for both complexes upon coordination to the V atoms. 16 The weak peaks in the low wave numbers in the region 400-650 cm -1 may be attributed to V-O and V-N bonds in the complexes.
Methanol solutions of the complexes are brown-yellow in color. These solutions have been used to record the electronic spectra. The hydrazone ligands and their vanadium(V) complexes have bands in the range 205-240 and 300-330 nm, which can be assigned as π→π* and n→π* transitions, respectively. All bands shift to lower energy in complexes indicating the coordination of ligands to the vanadium ions. The shoulder at about 270 nm for the complexes corresponds to LMCT band of V=O which it is observed at 274 nm for [VO(acac) 2 ]. 14
4. Thermal Property
Differential thermal and thermal gravimetric analyses were conducted to examine the stability of the complexes. For 1 (Figure 5 ), the first step started at 50 °C and ended at 160 °C, with a weight loss of 14.0%, might be caused by the loss of the lattice and coordinated neutral methanol molecules. Then the complex continued to decompose, until 470 °C, corresponding to the loss of the remaining parts of the ligands, and formation of V 2 O 5 . The total weight loss of 78.5% is in agreement with the ideal value of 79.9%. For 2 ( Figure 6 ), this complex is not very stable in air at room temperature. It might have lost the lattice water molecules before the thermal analysis. The complex started to decompose at 109 °C and completed at 470 °C, corresponding to the loss of the hydrazone and salicylhdroxamate ligands, and formation of V 2 O 5 . The total weight loss of 83.7% is in agreement with the ideal value of 85.5%.
5. Antibacterial Activity
The free benzohydrazone and the vanadium complexes were assayed for in vitro antibacterial activity against K. pneumoniae, S. aureus, P. aeroginosa, E. coli, and B. subtilis at 50 μg mL -1 using ethanol as solvent and control, and using tetracyclin as the standard drug. The minimum inhibitory concentrations (MIC) were determined by broth micro-dilution method. 17 The observed MIC values in μg mL -1 are reported in Table 4 . The antibacterial activity was evaluated by measuring the zone of inhibition in mm. Ethanol had no antibacterial activity on the bacteria at the concentration studied. The results revealed that the hydrazone compound and the two complexes showed from weak to effective activities against the tested microorganisms. In general, the complexes showed higher activities than the free aroylhydrazones. Such an enhancement in the activity of metal complexes against certain specific microorganisms may be explained on the basis of Overtone's concept and Tweedy's chelation theory. 18 The least MIC with 11 μg mL -1 was observed for complex 1 against S. aureus. The activity on B. subtilis and S. aureus of the free hydrazone is less than N'-(5-chloro-2-hydroxybenzylidene)-4-hydroxybenzohydrazide (H 2 L'), but on E. coli, the free hydrazone is higher than the above mentioned compound. 19 The activity of the complexes on S. aureus and E. coli is similar to the vanadium complex with L' and 2-hydroxybenzoate ligands, while on B. subtilis, the complexes are much less than the vanadium complex mentioned above. 19 Thus, more work need to be done to find the relationship between the structures and the antibacterial activities.
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